Although inoculation of N 2 -fixing bacteria in cowpea is important, there are no studies on their performance in Itaueira, PI, Brazil. This work aimed to evaluate the symbiotic efficiency of nodulating bacteria strains officially approved by Ministério da Agricultura, Pecuária e Abastecimento, Brazil -MAPA (INPA 3-11B, UFLA 3-84, BR 3267 and BR 3262) and in phase of selection (UFLA 3-164 and UFLA 3-154) in the nodulation and growth of cowpea cultivar BR 17 Gurguéia in Itaueira, PI, Brazil. Experimental design was in randomized blocks with eight treatments and four replications, consisting of six strains cited and two non inoculated controls, one with N mineral (70 kg ha -1 of N) and other without N mineral. Nodulation, growth, yield and accumulation of N, P, K, Ca and Mg in shoots of cowpea beans were evaluated. Strains under test phase (UFLA 3-154 and UFLA 3-164) presented number of nodules, and fresh and dry biomass of nodules similar to strains currently approved as inoculants. Treatments inoculated with INPA 3-11B and BR 3267 strains were more efficient in dry biomass production of shoots. Plants inoculated with strains UFLA 3-164, INPA 3-11B and BR 3267 presented highest concentration of N, P, K, Ca, and Mg in dry biomass of shoots. Strains in selection phase (UFLA 3-164 and UFLA 3-154) presented similar grain yield among themselves, however the strain UFLA 3-154 obtained productivity equivalent to the nitrogen control and all strains evaluated. Inoculation of cowpea with strains BR 3262, BR 3267 and UFLA 3-154 promoted increments of cowpea productivity in Itaueira, PI, therefore they may be recommended for cultivation in this region.
Introduction
In Brazil, the cultivation of cowpea (Vigna unguiculata (L.) Walp.) is concentrated mainly in the North and Northeast, where almost all production comes from rainfed conditions. The country is the third largest producer of this crop, with an acreage of more than 1.6 million hectares (Instituto Brasileiro de Geografia e Estatística [IBGE], 2006) , but has low productivity, around 300-400 kg ha -1 .
In the municipality of Itaueira, located in the Southwest of Piauí State, Brazil, the cowpea is grown predominantly by small farmers without adopting low technology, for food and income. The average yield in this city is far below the national average, standing at around 180 kg ha -1 , which indicates the need to use practices that enable increases in productivity, environmentally and economically sustainable way. Among the technologies that can enable increases in grain yield, highlights the biological nitrogen fixation (BNF). In addition to minimizing the cost of production by reduction of nitrogen fertilizer use, this technology has benefits for the environment and promotes increases fertility and soil organic matter (Soares et al., 2006) .
Work developed in the state of Piauí with cowpea has shown significant increase of grain yield with use of inoculants of bacteria nodulating legumes (BNL) through the process of BNF (Costa et al., 2011; Almeida et al., 2010) . Costa et al. (2011) observed an increase in grain yield of cowpea BR 17 Gurguéia Pole production of municipal district of Bom Jesus, PI, inoculated with strains INPA 3-11B and UFLA 3-154. These provided a yield of 1223 kg ha -1 and 1016 kg ha -1 , respectively, and these treatments to equal treatment with nitrogen (70 kg N ha -1 which gave a yield of 1605 kg ha -1 . Almeida et al. (2010) , trial conducted in the city of Teresina, PI, using cowpea cultivar BR 17 Gurguéia found grain yield of 1637 kg ha -1 to BR 3267, of 1,823 kg ha -1 to BR 3262, and 1945 kg ha -1 to the INPA 3-11B, promoting an increase of 25%, 39% and 50%, respectively, compared to the control without N and uninoculated.
Although inoculation of N 2 -fixing bacteria in cowpea is important, there are no studies on their performance in management conditions used in family farming in Itaueira, PI. In this context the objective of this study was to evaluate the agronomic efficiency of rhizobia strains approved and pending approval by the Ministério da Agricultura, Pecuária e Abastecimento (MAPA) for inoculation in the field, using the cowpea cultivar BR 17 Gurguéia the municipal district of Itaueira, Piauí State, Brazil.
Materials and Methods
The test was conducted in the municipal district of Itaueira, Altos farm (07° 36'10" South latitude, 43° 01' 33" west longitude and altitude of 258 m) in the period from February to May 2012, in the oxissol with medium texture in the area without prior use of any type of inoculant. The monthly precipitation and temperature during the experimental period, according Inmet, are described in Figure 1 . The cowpea cultivar selected for this study was BR 17 Gurguéia for being the most widely grown and marketed in the region of Itaueira, PI. The experimental design was a randomized block design with four replications and eight treatments (ways of adding N), consisting of: four strains of nitrogen-fixing bacteria approved by MAPA as inoculant for cowpea, INPA 3-11B, UFLA 3-84, both isolated from Amazonian soils and identified as belonging to the genus, Bradyrhizobium (Lacerda et al., 2004; Soares et al., 2006 ) BR 3267, originated from the culture collection of Embrapa Agrobiologia (Martins et al., 2003) , BR 3262 arising from the collection of Embrapa Roraima, also belonging to the genus Bradyrhizobiume two strains under selection: UFLA 3-164 and UFLA 3-154 (isolated from soil bauxite mining rehabilitation (Melloni et al., 2006) and assessed for their effectiveness in pots like Leonard with nutrient solution and vermiculite (Motta, 2002) and in the field by Costa et al. (2011) , and two witnesses: a nitrogen with 70 kg N ha -1 , urea source, as recommended by Freire Filho et al. (2007) and one without inoculation and without mineral N. Nitrogen fertilization was split in two equal doses, one at planting and another 20 days after emergence of plants.
The soil was prepared with plowing and disking. Seeking to maintain the conditions of crop management in the region, no use fertilizer or soil fertilization.
The inoculant was prepared with autoclaved peat, in the ratio 3:1 (peat: culture) in culture "79" semi-solid (Waksman & Fred, 1928) The plots consisted of four rows of 6 m length, spaced 1.0 m, totaling 24 m 2 of total area, with the floor area of the two central lines. The cultivation was conducted under rainfed-regime. During the conduct of the assay were performed manual and mechanical weeding with the use of hoes, maintaining the culture free from weeds.
In the first evaluation performed during flowering at 45 days after planting were randomly collected from ten plants per plot for evaluation of number of nodules per plant (NN) and fresh and dry biomass of nodules (FBN and DBN), dry biomass of shoot (DBS) and relative efficiency (REEF). After weighing, the shoot was triturated for determination of N content by distiller Kjeldahl method (Liao, 1981) , phosphorus extracted by colorimeter metavanadate, potassium, obtained from emission flame photometry, calcium and magnesium determined following the method of quelatermetry EDTA (Malavolta et al., 1997) .
The second assessment at harvest was performed 84 days after sowing, and the pods were collected manually from 10 plants of the useful area of each plot. Thereafter, all the pods were air dried and threshed for assessing the number of pods per plant (NPPL), biomass of pods per plant (BPPL) and grain yield per hectare (GY). After weighing the grains were ground for determining the N content in grains by the distiller Kjeldahl method (Liao, 1981) .
To determine the dry biomass of shoot, the material was packed in paper bags and placed in a forced air oven at 65°C until constant weight. The relative efficiency of each strain was calculated as follows: REEF = (DBS inoculated) * 100 / (DBS plant fertilized with mineral N)
To evaluate the grain yield, its moisture was corrected to 13% wet basis. The accumulation of nutrients in grains and leaves were calculated by multiplying the: Dry biomass of shoot (g) or grain * (% nutrient content) / 100
The test data were subjected to analysis of variance using the Statistical Analysis System SISVAR, version 4.2 (Ferreira, 2000) . The effects of the treatments were compared by Tukey test at 5% probability.
Results and Discussion
In the first evaluation, conducted during flowering, there was a significant effect of the forms of N supply on the NN, FBN, DBN, DBS and REEF (Table 1) . 14.37 * Significant 5% probability by Tukey test, DF = degree of freedom, mean square residual = QMR, LSD = least significant difference, CV = coefficient of variation. Means followed by the same letter in columns do not differ according to the Tukey test at 5% probability. ). Among the treatments inoculated strains under selection (UFLA 3-154 and UFLA 3-164) NN showed similar and equal to those inoculated with strains UFLA 3-84 and BR 3262, and UFLA 3-154 not differ significantly from INPA 3-11B. Results were checked against by Costa et al. (2011) , when evaluating the agronomic efficiency of symbiotic diazotrophs strains under selection (UFLA 3-154 and UFLA 3-164) as well as the currently approved as inoculants by MAPA (BR 3267, UFLA -384, INPA 3-11B), Pole Production of Bom Jesus, PI, in some oxisol fertilized observed that the strains studied as NN did not differ (p < 0.05). The experiment was conducted in a traditional area of cultivation cowpea, although this culture is considered promiscuous (Guimarães et al., 2012; Lima et al., 2005; Melloni et al., 2006 ) the untreated and mineral N without inoculation and also the witness nitrogen provided the lowest values of NN, differing significantly inoculated treatments.
Regarding variables FBN and DBN, the strains being promoted similar results to the selection of strains currently approved as inoculum (UFLA 3-84, INPA 3-11B, BR 3262 and BR 3267). The strain UFLA 3-154 stood out by not differ significantly from strains INPA 11B and 3-BR 3267 that promoted higher values of NFM and DBN. The witness nitrogen (70 kg N ha As for the DBS and REEF superior results were observed for the strains BR 3267, INPA 3-11B and the treatment with 70 kg N ha -1 compared to control without addition of mineral N and the other inoculated treatments (Table 1) . Guedes et al. (2010) , found differences in all inoculated treatments compared to absolute control without N. Strains in the selection phase and obtained mean of DBS and REEF lower compared to strains BR 3267 and INPA 3-11B, but similar to strains UFLA 3-84, BR 3262 and without N mineral. Costa et al. (2011) , in a field trial in the Polo production of Bom Jesus, PI, located 300 km from the municipal district of Itaueira, PI, noticed that for DBS and REEF no significant difference between treatments inoculated and control without N. The strain UFLA 3-154 (selection phase) stood out, promoting REEF of 75.4%, significantly equal to N-control. The lack of difference between the treatment without mineral N and inoculated treatments proved the ability of the native population to establish symbiosis with cowpea when grown in the Polo production of Bom Jesus, PI without the use of inoculants.
Another factor that can directly affect the symbiosis is the occurrence of water deficiencies, with negative effect, especially during flowering and pod filling (Calvache & Reichardt, 1996) , besides affecting the survival of rhizobia in the soil. How the test was conducted under rainfed and without application of fertilizer, under conditions of small producers, the differences between the DBS and REEF strains BR 3267 and INPA 3-11B compared to other strains studied, show the high ability of these strains in the production of plant biomass.
Plants inoculated with the strains UFLA 3-164, IMPA 3-11B and BR 3267 presented the highest concentrations of N, P, K, Ca, and Mg in the DBS except BR 3262 that presented lower accumulation of K (Table 2 ). In literature there are few works that study the response of the accumulation of macronutrients in dry biomass of shoot of cowpea due to the inoculation, with the exception of N. To N accumulation in shoot Almeida et al. (2010) observed no differences between the strains tested, INPA 3-11b, UFLA 3-84, BR 3267, BR 3262 and BR 3299, presenting values similar to control with nitrogen fertilizer. Costa et al. (2011) also found no differences of N accumulation between inoculated plants, but these values were lower than control.
In the second evaluation at harvest, significant effect was observed forms of N supply relative to NPPL, BPPL, NAG and GY (Table 3) . Among the strains, the INPA 3-11B stood out for presenting the best results both NPPL as BPPL, not differing significantly from the control with nitrogen. For variable BPPL strain in testing UFLA 3-164 showed results similar to strains INPA 3-11B and UFLA 3-84 and N-control. 61.03 * Significant 5% probability by Tukey test, DF = degree of freedom, mean square residual = QMR, LSD = least significant difference, CV = coefficient of variation. Means followed by the same letter in columns do not differ according to the Tukey test at 5% probability. * Significant 5% probability by Tukey test, DF = degree of freedom, mean square residual = QMR, LSD = least significant difference, CV = coefficient of variation. Means followed by the same letter in columns do not differ according to the Tukey test at 5% probability.
With respect to the NAG inoculated treatments showed similar results to the control with N fertilizer.
The GY treatments inoculated ranged from 501.01 to 603.15 kg ha -1 inoculated with strains BR 3-164 and BR 3262, respectively. It should be noted that GY was higher than the regional average in these conditions 180 kg ha -1 (Freire et al., 2005) . Strains under selection showed GY similar results, but the UFLA 3-154 strain obtained productivity equivalent to N-control without N, and all the strains tested.
Inoculation of cowpea with strain BR 3262 enabled a significant GY, promoting an increase of 50.17% compared to untreated mineral N without inoculation and which justifies the use of this biotechnology, as well as presenting increases in production, also reduces spending, since the cost of inoculation is much smaller than in systems that adopts the use of nitrogen fertilizers. Similar results were found by Zilli et al. (2009) for work conducted under field conditions observed that strain BR 3262 proved to be the most suitable for the inoculation of cowpea seeds in State of Roraima, Brazil, seen that provided grain yield (the overall mean of about 1700 kg ha -1 ) equal dose of 50 kg ha -1
. It is noteworthy that this productivity was achieved because these authors used fertilizer phosphorus, potassium and micronutrients in their experiments.
What can be observed in this study was that productivity almost doubled with the inoculation strain BR 3262, becoming a viable alternative for small farmers of cowpea of municipal district Itaueira-PI, as already discussed by Sousa and Smith (2011) , in municipal district Confresa, State of Mato Grosso, Brazil, where the strain INPA 3-11B promoted more than 40% GY relative to untreated mineral N and the witness similar nitrogen (70 kg N ha -1 ).
Considering only the increase of GY of cowpea, compared to the control without N was reached higher average value of 317 kg ha -1 for inoculated with strain BR 3262 and 314.4 kg ha -1 for the treatment with N fertilizer. For treatment with fertilizer nitrogen, gross profit increase can come about R$ 1,572.03, an amount obtained by multiplying 314.4 kg of cowpea for $ 5.00 (average price / kg grain in local markets). Subtracting the amount spent on urea (159 kg ha -1 ) for the supply of 70 kg N ha -1 to $ 3/kg fertilizer (average value of the fertilizer Itaueira), cost U.S.$ 477.00, the gain equity is R$ 1,095.03. With the inoculant, multiplying 314.4 kg of cowpea for $ 5.00, get the gain of R $ 1,584.75. Following the reasoning by subtracting the value of $ 25.00 (price plus the shipping inoculant dose until the region), achieves U.S.$ 1,559.75 profit. Therefore, there is getting treatment inoculated with a profit higher than the nitrogen treatment promoted by R $ 464.72 ha -1 which promoted significant economic advantage to the producer in relation to nitrogen fertilization. 4. Conclusions 1). The strains in the test phase (UFLA 3-154 and UFLA 3-164) present nodule number and fresh and dry biomass of nodules similar to strains currently approved as inoculant.
2). Treatments inoculated with strains INPA 3-11B e BR 3267 were more efficient in the production of dry biomass of shoots.
3). Plants inoculated with the strains UFLA 3-164, INPA 3-11B and BR 3267 presented the highest concentrations of N, P, K, Ca, and Mg in the dry biomass of shoots. 4). The strains in process of selection showed similar results to grain yield, but the UFLA 3-154 strain obtained productivity equivalent to the control with use nitrogen fertilizer, and all other strains tested. 5). Inoculation of cowpea promotes increase grain yield on family farms in State of Piauí, Brazil. 6). Strains BR 3262, BR 3267, UFLA 3-154 and INPA 3-11B showed similar yield to witness that received nitrogen fertilization may be recommended for cultivation in this region. 
